We applied infrequent-restriction-site PCR (IRS-PCR) to the investigation of an outbreak caused by 23 isolates of Acinetobacter baumannii in an intensive care unit from November 1996 to May 1997 and a pseudoepidemic caused by 16 isolates of Serratia marcescens in a delivery room from May to September 1996. In the epidemiologic investigation of the outbreak caused by A. baumannii, environmental sampling and screening of all health care workers revealed the same species from the Y piece of a mechanical ventilator and the hands of two health care personnel. IRS-PCR showed that all outbreak-related strains were genotypically identical and that three strains from surveillance cultures were also identical to the outbreak-related strains. In a pseudoepidemic caused by S. marcescens, IRS-PCR identified two different genotypes, and among them one genotype was predominant (15 of 16 [93.8%] isolates). Extensive surveillance failed to find any source of S. marcescens.
Recently, a new typing method called infrequent-restrictionsite PCR (IRS-PCR) has been proposed by Mazurek et al. (8).
The main strategy of this method is the selective amplification of DNA sequences located between a frequently occurring restriction site and an infrequently occurring restriction site by using adaptors and primers based on these two enzymes. It has a discriminatory power comparable to that of pulsed-field gel electrophoresis (PFGE). It is less tedious and less laborious than PFGE. Although IRS-PCR has not yet been applied to many species of organisms (10), we think that it can be a potentially universal tool for molecular epidemiologic analysis of outbreak.
In this study, we applied this IRS-PCR technique to the investigation of an outbreak caused by Acinetobacter baumannii and a pseudoepidemic caused by Serratia marcescens for the purpose of assessing its usefulness in molecular epidemiology. We also performed field inversion gel electrophoresis (FIGE), a type of PFGE, and compared the genotypes obtained by FIGE with those obtained by IRS-PCR.
(Part of this study was presented at the 38th Interscience Conference on Antimicrobial Agents and Chemotherapy, 24 to 27 September 1998, San Diego, Calif.)
MATERIALS AND METHODS
A cluster of isolation of S. marcescens. From May to September 1996, we found that 16 clinical isolates of S. marcescens had been recovered on the obstetrics/ gynecology (OB/GYN) ward. In order to determine whether the event was a true outbreak, we retrospectively reviewed the medical records of patients who yielded S. marcescens during that time, including those outside the OB/GYN ward. Concurrently, we also performed extensive surveillance by obtaining samples from the OB/GYN ward for culture. Samples were obtained from inanimate sources and the hands of health care personnel. The species identification of S. marcescens was confirmed by the API 20E profile (bioMéurieux, Marcy l'Etoile, France). Another eight strains of S. marcescens isolated outside the OB/GYN ward during the same period were included as epidemiologically unrelated controls in this study.
Outbreak of A. baumannii. In February 1997, we recognized a cluster of isolations of A. baumannii in the intensive care unit (ICU). Since that time, we retrospectively investigated any additional isolation of A. baumannii in the ICU and found that the isolation of A. baumannii in the ICU began on November 1996. We performed surveillance cultures three times (March 1997, April 1997, and July 1997). We obtained samples from environmental sources (e.g., Y pieces of a mechanical ventilator, fluid in the humidifier jar, water in a vaporizer, floor, tap water supply system, soap, and disinfectant solution) and the hands of health care personnel in the ICU. The medical records of patients in the ICU from November 1996 to March 1997 were retrospectively reviewed, and a prospective survey of any further isolation of A. baumannii was also done. Further clinical isolates of A. baumannii were recovered until May 1997. The species identification of A. baumannii was confirmed by the API 20NE profile (bioMéurieux). Two epidemiologically unrelated strains were included as controls in this study.
IRS-PCR. IRS-PCR was performed as described previously by Mazurek et al. (8) , with some modification. In brief, the HhaI adaptor (AH), which consists of a 22-base oligonucleotide (AH1; 5Ј-AGA ACT GAC CTC GAC TCG CAC G-3Ј) with a 7-base oligonucleotide (AH2; 5Ј-TGC GAG T-3Ј), was annealed to bases 14 through 20 from the 5Ј end leaving a CG-3Ј overhang. AH1 and AH2 were mixed in equal molar amounts (10 pmol/l each). They were annealed as the mixture cooled from 80 to 4°C over 1 h. The mixture was briefly centrifuged and was stored at Ϫ20°C until use. The XbaI adaptor (AX), which consisted of a phosphorylated 18-base oligonucleotide (AX1; 5Ј-PO 4 -CTA GTA CTG GCA GAC TCT-3Ј) with a 7-base oligonucleotide (AX2; 5Ј-GCC AGT A-3Ј) was annealed to bases 5 through 11 from the 5Ј end leaving a 5Ј-CTAG overhang. AX1 was phosphorylated by T4 polynucleotide kinase (Boehringer Mannheim, Mannheim, Germany) for 1 h at 37°C. AX1 and AX2 were mixed and were annealed under the same condition used for AH. Chromosomal DNAs of clinical isolates of S. marcescens and A. baumannii were isolated by using a QIAamp tissue kit (QIAGEN, Hilden, Germany). The isolated DNAs were digested with HhaI and XbaI for 1 h at 37°C. They were then ligated to AH and AX by using the Rapid DNA ligation kit (Boehringer Mannheim) and were digested again with the same restriction enzymes in order to cleave any restriction sites reformed by ligation. In the amplification procedure, AH1 and PX (5Ј-AGA GTC TGC CAG TAC TAG A-3Ј) were used as primers. PX is complementary to AX and has one base left on the 3Ј end of the native DNA following XbaI digestion. Amplification was performed in a DNA thermal cycler (Perkin-Elmer, Branchburg, N.J.) with an initial denaturation step at 95°C for 5 min and then 30 cycles with denaturation at 94°C for 1 min, annealing at 60°C, and extension at 72°C for 1.5 min. The PCR products were separated on a polyacrylamide gel (6.5% T [total monomer concentration], 2.7% C [cross-linker concentration]) in 0.5 ϫ TBE (Tris-borate-EDTA) buffer at a constant voltage of 100 for 3 h. Then, the gel was stained with ethidium bromide and was photographed with UV illumination.
FIGE. FIGE was conducted as described previously (2) . XbaI and SpeI (3) were used as restriction enzymes for A. baumannii and S. marcescens, respectively. The settings for FIGE were as follows: initial runing time, 10 min; switch interval, 1 to 25 s; forward to reverse ratio, 3:1; temperature of running solution, 14°C; and total running time, 18 h. Interpretation of the results of FIGE was based on the guidelines proposed by Tenover et al. (12) .
RESULTS
Clinical relevance of patients yielding S. marcescens and the results of molecular typing. As Table 1 shows, 15 of 16 strains (94%) were isolated from women with full-term or preterm labor; one strain (strain 9583) was from a patient with uterine myoma. Among these patients there was no significant evi- dence of infectious disease directly related to S. marcescens except in one patient with chorioamnionitis (strain 9870), which was probably acquired prior to hospitalization. Most strains were isolated from cervical mucus, while one strain (strain 9685) was isolated from blood. However, the patient did not show any manifestation of sepsis, suggesting that it was pseudobacteremia. IRS-PCR yielded one predominant genotype among 15 of 16 (93.7%) isolates from the OB/GYN ward, while 1 strain (strain 9870) from a patient with chorioamnionitis showed a distinct pattern (Fig. 1A) . The genotypes detected by FIGE were completely concordant with those detected by IRS-PCR (Fig. 1B and Table 1 ). It took about 4 days to complete FIGE, whereas IRS-PCR was finished within a day. All the strains outside the OB/GYN ward were of different genotypes compared with the predominant genotype in the ward (Fig. 2) , and thus, we thought that the cluster of S. marcescens strains from a single clone was localized to one ward. However, as no patient had an infection with any clinical relevance to the true infectious disease, we concluded that it was a pseudoepidemic or nothing but a colonization rather than a true outbreak.
Outbreak of A. baumannii infection and results of molecular typing and surveillance study. As indicated in Table 2 , more than a half of the A. baumannii strains (52%; 12 of 23) were isolated from sputum. Five strains were recovered from pus, and two were recovered from blood. On the basis of the Centers for Disease Control and Prevention definition of nosocomial infection, four strains (strains 4, 8, 18, and 20) were considered to be the cause of insignificant infections (6) . Among 19 patients with significant infections, 13 patients died. Pneumonia and sepsis were the main causes of death in nine patients, while four patients died of noninfectious causes. Surveillance cultures revealed three strains of the same species from the Y piece of a mechanical ventilator, the hands of a doctor, and the hands of a nurse. IRS-PCR showed that all outbreak-related strains were genotypically identical (Fig. 3A) and that the strains from the surveillance cultures were also identical to the outbreak-related strain, while two epidemio- logically unrelated strains showed different banding patterns (Fig. 3B ).
DISCUSSION
In order to trace the nidus of the outbreak, many typing methods were used in the epidemiologic investigation. Typing methods based on phenotypic characteristics (e.g., antibiogram analysis, serotyping, or phage typing) had been used, but these methods were not sufficiently discriminatory. Nowadays, genotyping techniques based on DNA analysis are reliable for epidemiologic investigations. Various methods have been devised for the analysis of strains from outbreaks such as ribotyping, PFGE, and random amplified polymorphic DNA (RAPD) assay (1, 4-7, 9, 11, 14) . Among these, PFGE has, until now, been the best tool for the analysis of most organisms in terms of discriminatory power and typeability. However, PFGE is too tedious and laborious. Typing methods that are based on nucleic acid amplification and that have been reported so far can be applicable to many organisms and can be done within a day, but they require information about the target DNA sequence for primers or they use arbitrary primers, and their results are easily affected by various experimental conditions (13) . According to Mazurek et al. (8) , IRS-PCR can be applied to a wide array of organisms by using identical enzymes, adapters, primers, and PCR conditions. The primers used in this technique are not arbitrary, and knowledge of a target sequence is not required. By using frequently and infrequently cutting enzymes, it produces a few bands for interpretation. It is less time-consuming and less laborious than PFGE or ribotyping. Hence, we think that it can be a more efficient alternative than any other typing methods ever developed.
In this study, we applied IRS-PCR to investigate clinical isolates of A. baumannii and S. marcescens. In the case of a pseudoepidemic caused by S. marcescens, the result of IRS-PCR showed one predominant genotype among 15 of 16 isolates. The banding patterns of IRS-PCR were completely concordant with those of FIGE, which suggested that IRS-PCR was as discriminatory as FIGE. It took, on average, 4 days to perform FIGE, while IRS-PCR was completed within a day. Although the surveillance study in the OB/GYN ward identified no organism and the cluster of isolation turned out to be not a true outbreak but a colonization or a pseudoepidemic, we thought that the organism originated from the ward and could be a potential pathogen in the near future. Therefore, we sterilized the ward and exchanged all instruments and equipment for new ones. Since then, S. marcescens has not been isolated.
In the outbreak caused by A. baumannii, IRS-PCR demonstrated that the genotypes of all outbreak-related strains were identical, which suggested that the outbreak originated from a single clone. As three strains isolated during the surveillance study also had genotypic patterns identical to those of the outbreak-related strains, we could determine that strains from either the Y piece of a mechanical ventilator or health care personnel hands were the primary source of the outbreak. On the basis of this investigation, we immediately exchanged all the facilities including ventilator equipment for new ones. We prohibited the doctor and the nurse who yielded genotypically identical A. baumannii from working in the ICU until conversion to a negative result on follow-up culture. Once a patient in the ICU was found to be infected with A. baumannii, we strictly isolated the patient. We also designated an exclusive nurse for each patient with A. baumannii infection in order to prevent person-to-person spread.
In conclusion, IRS-PCR can be a good alternative tool for molecular epidemiologic investigations because of its rapidity and discriminatory power, which are comparable to those of PFGE. To our knowledge, this is the first report of the application of IRS-PCR to clinical isolates of A. baumannii and S. marcescens.
